
CHAPTER 3: COMPOSITION OF 
SUBSTANCES AND SOLUTIONS



SOLUTIONS VOCABULARY

• Solvent

• Solute

• Aqueous Solution

• Molarity



MOLARITY

𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

= 𝑀𝑀

Find the molarity of the solution if 40 g of NaCl is dissolved in 250 mL of water.



CALCULATE THE FORMULA MASS, NUMBER 
OF MOLES OF MOLECULES, AND NUMBER OF 
MOLES OF EACH ATOM IN THE COMPOUND

16.783 𝑔𝑔 𝑜𝑜𝑜𝑜 𝑀𝑀𝑀𝑀 𝑁𝑁𝑂𝑂2 2

24.305
𝑔𝑔
𝑚𝑚𝑚𝑚𝑚𝑚

+ 2 × 14.007
𝑔𝑔
𝑚𝑚𝑚𝑚𝑚𝑚

+ 4 × 15.999
𝑔𝑔
𝑚𝑚𝑚𝑚𝑚𝑚

= 116.279
𝑔𝑔
𝑚𝑚𝑚𝑚𝑚𝑚

16.783 𝑔𝑔 ÷ 116.279
𝑔𝑔
𝑚𝑚𝑚𝑚𝑚𝑚

= 0.14433 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑜𝑜𝑜𝑜 𝑀𝑀𝑀𝑀 𝑁𝑁𝑂𝑂2 2

0.14433 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑀𝑀𝑀𝑀 𝑁𝑁𝑂𝑂2 2
2 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑁𝑁

1 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑀𝑀𝑀𝑀 𝑁𝑁𝑂𝑂2 2
= 0.28866 moles N

0.14433 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑀𝑀𝑀𝑀 𝑁𝑁𝑂𝑂2 2
4 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑂𝑂

1 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑀𝑀𝑀𝑀 𝑁𝑁𝑂𝑂2 2
= 0.57733 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑂𝑂

0.14433 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑀𝑀𝑀𝑀 𝑁𝑁𝑂𝑂2 2
1 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑀𝑀𝑀𝑀

1 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑀𝑀𝑀𝑀 𝑁𝑁𝑂𝑂2 2
= 0.14433 moles Mg



FINDING THE EMPIRICAL FORMULA

Nylon-6 contains 63.68% C, 12.38% N and 9.80% H and 14.14% O by mass. 

What is the empirical formula for Nylon-6? 

1. Assume you have 100g of compound.  Find the number of moles of each type of atom.

2. Divide each value by the fewest number of moles.

5.301
0.8838

= 5.998 ≈ 6
9.72

0.8838
= 10.998 ≈ 11

63.68 𝑔𝑔 𝐶𝐶
1 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝐶𝐶
12.011 𝑔𝑔

= 5.301 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝐶𝐶

12.38 𝑔𝑔 𝑁𝑁
1 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑁𝑁
14.007 𝑔𝑔

= 0.8838 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑁𝑁

9.80 𝑔𝑔 𝐻𝐻
1 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝐻𝐻
1.008 𝑔𝑔

= 9.72 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝐻𝐻

14.14 𝑔𝑔 𝑂𝑂
1 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑂𝑂
15.999 𝑔𝑔

= 0.8838 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑂𝑂



FINDING THE MOLECULAR FORMULA

Nylon-6 contains 63.68% C, 12.38% N and 9.80% H and 14.14% O by mass. What is the empirical 
formula for Nylon-6?

3. Determine the lowest whole number ratio of atoms to find the empirical formula.

𝐶𝐶:𝐻𝐻:𝑁𝑁:𝑂𝑂 → 6: 11: 1: 1

𝐶𝐶6𝐻𝐻11𝑁𝑁𝑁𝑁



F I N D I N G  T H E  
M O L E C U L A R  

F O R M U L A



FINDING 
THE MASS 

OF SOLUTE 
GIVEN  

MOLARITY

How many grams of NaOH must be used to prepare 200.0 mL of a 3.00 M 
solution?

200.0 𝑚𝑚𝑚𝑚
3.00 𝑚𝑚𝑚𝑚𝑚𝑚

𝐿𝐿
1 𝐿𝐿

1000 𝑚𝑚𝑚𝑚
39.997 𝑔𝑔 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁

𝑚𝑚𝑚𝑚𝑚𝑚
= 24.0 𝑔𝑔 𝑜𝑜𝑜𝑜 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁



FINDING THE NUMBER OF MOLES GIVEN 
MOLARITY

• How many moles of KCL are in a 45.0 mL of a 1.50 M solution?

• 45.0 𝑚𝑚𝑚𝑚 1 𝐿𝐿
1000𝑚𝑚𝑚𝑚

1.50𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚
𝐿𝐿

= 0.0675 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑜𝑜𝑜𝑜 𝐾𝐾𝐾𝐾𝐾𝐾

• What volume of this solution contains 0.750 moles of KCl?

• 0.750 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝐾𝐾𝐾𝐾𝐾𝐾 1 𝐿𝐿
1.50𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚

= 0.500 𝐿𝐿



ELECTROLYTES 

• Electrolytes dissociate into ions in water.  Electrolyte solutions conduct electricity

• Examples: ionic compounds, strong acids, strong bases

• 𝑀𝑀𝑔𝑔3 𝑃𝑃𝑂𝑂4 2 𝑎𝑎𝑎𝑎 → 3 𝑀𝑀𝑔𝑔 𝑎𝑎𝑎𝑎
2+ + 2 𝑃𝑃𝑂𝑂43− 𝑎𝑎𝑎𝑎

• Non-electrolytes do not dissociate

• Examples: Sugar, methanol, caffeine

• Weak electrolytes partially dissociate

• Examples: Weak acids and weak base

• 𝐶𝐶𝐻𝐻3𝐶𝐶𝐶𝐶𝐶𝐶𝐻𝐻 𝑎𝑎𝑎𝑎 ↔ 𝐻𝐻 𝑎𝑎𝑎𝑎
+ + 𝐶𝐶𝐻𝐻3𝐶𝐶𝐶𝐶𝑂𝑂 𝑎𝑎𝑎𝑎

−



CONCENTRATION OF IONS

Find the concentration of ions when 10.00 g of calcium chloride is dissolved in 200.0 mL of water.

10.00 𝑔𝑔 𝐶𝐶𝐶𝐶𝐶𝐶𝑙𝑙2
200.0 𝑚𝑚𝑚𝑚

1000 𝑚𝑚𝑚𝑚
1 𝐿𝐿

1 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝐶𝐶𝐶𝐶𝐶𝐶𝑙𝑙2
100.98 𝑔𝑔

3 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑜𝑜𝑜𝑜 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖
1 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝐶𝐶𝐶𝐶𝐶𝐶𝑙𝑙2

= 1.485 M of ions



DILUTION

Adding water to a solution to lower the concentration

Changing the volume but not the number of moles
𝑀𝑀1𝑉𝑉1 = 𝑀𝑀2𝑉𝑉2

𝑚𝑚𝑚𝑚𝑚𝑚
𝐿𝐿

𝐿𝐿 =
𝑚𝑚𝑚𝑚𝑚𝑚
𝐿𝐿

𝐿𝐿

What volume of 10.0 M sulfuric acid is needed to make 500.0 mL of a 0.75 M solution.

10.0 𝑀𝑀 𝑉𝑉1 = (0.75 𝑀𝑀)(500.0 𝑚𝑚𝑚𝑚)
𝑉𝑉1 = 37.5 𝑚𝑚𝑚𝑚



MASS PERCENT AND VOLUME PERCENT

• Units of concentration

• Mass percent: percent by mass of a component in a solution

• 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 = 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑜𝑜𝑜𝑜 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

× 100%

• Volume percent: percent by volume of a component of the solution

• 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 = 𝑣𝑣𝑣𝑣𝑣𝑣 𝑜𝑜𝑜𝑜 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
𝑣𝑣𝑣𝑣𝑣𝑣 𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

× 100%



EXAMPLE: MASS PERCENT

• What is the mass of acetic acid in 200.0 mL of a 5% (m/m) acidic acid solution.  
Acetic acid has a density of 1.02 g/mL

• 200.0 𝑚𝑚𝑚𝑚 1.02 𝑔𝑔 𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑚𝑚𝑚𝑚

5 𝑔𝑔 𝑜𝑜𝑜𝑜 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎
100 𝑔𝑔 𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

= 10.2 𝑔𝑔 𝑜𝑜𝑜𝑜 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎



EXAMPLE: MASS PERCENT

What mass of both water and potassium chloride is needed to make a 250.0 g 
solution of a 5.00% m/m solution? 

250.0 𝑔𝑔 × 5% = 12.5 𝑔𝑔

12.5 𝑔𝑔 of potassium chloride

237.5 𝑔𝑔 𝑜𝑜𝑜𝑜 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤



PPM AND PPB

• “Parts per Million”

• 𝑝𝑝𝑝𝑝𝑝𝑝 = 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑜𝑜𝑜𝑜 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚

× 106 𝑝𝑝𝑝𝑝𝑝𝑝

• “Parts per Billion”

• 𝑝𝑝𝑝𝑝𝑝𝑝 = 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑜𝑜𝑜𝑜 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚

× 109 𝑝𝑝𝑝𝑝𝑏𝑏



PPM EXAMPLE

The EPA monitors lead in tap water to ensure that it does not exceed 15 ppb.  
What is this concentration in ppm? At this concentration, what mass of lead in 
micrograms would be contained in a typical glass of water (300. mL)? The density 
of water is 1.00 g/mL.

15 𝑝𝑝𝑝𝑝𝑝𝑝
106 𝑝𝑝𝑝𝑝𝑝𝑝
109𝑝𝑝𝑝𝑝𝑝𝑝

= 0.015 𝑝𝑝𝑝𝑝𝑝𝑝

300.𝑚𝑚𝑚𝑚
1.00 𝑔𝑔
1 𝑚𝑚𝑚𝑚

106 μ𝑔𝑔
1 𝑔𝑔

0.015 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
106

= 4.5μ𝑔𝑔



CHAPTER 4



WRITING 
AND 

BALANCING 
CHEMICAL 

EQUATIONS





BALANCING CHEMICAL EQUATIONS 
EXAMPLE

Balance the equations

_______𝑁𝑁2 𝑔𝑔 + _______𝐻𝐻2 𝑔𝑔 → ______𝑁𝑁𝐻𝐻3 𝑔𝑔

______𝑃𝑃𝑏𝑏 𝑠𝑠 + _____H2O l + ______𝑂𝑂2 𝑔𝑔 → ____𝑃𝑃𝑃𝑃 𝑂𝑂𝑂𝑂 2 𝑠𝑠

_____𝐴𝐴𝑙𝑙2 𝑆𝑆𝑂𝑂4 3 𝑎𝑎𝑎𝑎 + _____𝐶𝐶𝐶𝐶(𝑂𝑂𝑂𝑂)2(𝑎𝑎𝑎𝑎)→ _____Al OH 3 s + _____CaSO4 aq



AQUEOUS IONIC EQUATIONS

Molecular Equation: Reactants and Products written as undissociated compounds

𝑁𝑁𝑎𝑎2𝐶𝐶𝑂𝑂3 𝑎𝑎𝑎𝑎 + 𝐶𝐶𝐶𝐶𝐶𝐶𝑙𝑙2 𝑎𝑎𝑎𝑎 → 2 𝑁𝑁𝑁𝑁𝑁𝑁𝑙𝑙 𝑎𝑎𝑎𝑎 + 𝐶𝐶𝐶𝐶𝐶𝐶𝑂𝑂3 𝑠𝑠

Total Ionic Equation:All aqueous species dissociate into their respective ions

2 𝑁𝑁𝑎𝑎 𝑎𝑎𝑎𝑎
+ + 𝐶𝐶𝑂𝑂3 𝑎𝑎𝑎𝑎

− + 𝐶𝐶𝑎𝑎 𝑎𝑎𝑞𝑞
2+ + 2𝐶𝐶𝑙𝑙 𝑎𝑎𝑎𝑎

− → 2 𝑁𝑁𝑎𝑎 𝑎𝑎𝑎𝑎
+ + 2𝐶𝐶𝑙𝑙 𝑎𝑎𝑎𝑎

− + 𝐶𝐶𝐶𝐶𝐶𝐶𝑂𝑂3 𝑠𝑠

Net Ionic Equation: Ions that remain aqueous are not included.

𝐶𝐶𝑂𝑂3 𝑎𝑎𝑎𝑎
− + 𝐶𝐶𝑎𝑎 𝑎𝑎𝑎𝑎

2+ → 𝐶𝐶𝐶𝐶𝐶𝐶𝑂𝑂3 𝑠𝑠



TYPES OF CHEMICAL REACTIONS

Precipitation Reaction

Formation of a solid precipitate

Acid-Base Reaction

Reaction between an acid and a base

Redox Reaction

Reaction that involves the transfer of electrons



PRECIPITATION AND SOLUBILITY RULES

• Precipitates form when a pair of ions in solution form an insoluble compound

• Compounds are soluble when the energy associated with the ionic bond is less 
than the energy associated with hydration



SOLUBILITY 
RULES



SOLUBIL ITY 
RULES



SOLUBILITY EXAMPLE

• Write the molecular, ionic and net ionic equation for the reaction of lead (II) 
nitrate with potassium iodide.

𝑃𝑃𝑃𝑃 𝑁𝑁𝑂𝑂3 2 ? + 2 𝐾𝐾𝐼𝐼 ? → 2 𝐾𝐾𝐾𝐾𝑂𝑂3 ? + 𝑃𝑃𝑃𝑃𝐼𝐼2 ?

𝑃𝑃𝑃𝑃 𝑁𝑁𝑂𝑂3 2 𝑎𝑎𝑎𝑎 + 2 𝐾𝐾𝐼𝐼 𝑎𝑎𝑎𝑎 → 2 𝐾𝐾𝐾𝐾𝑂𝑂3 𝑎𝑎𝑎𝑎 + 𝑃𝑃𝑃𝑃𝐼𝐼2 𝑠𝑠

𝑃𝑃𝑏𝑏 𝑎𝑎𝑎𝑎
+2 + 2 𝑁𝑁𝑂𝑂3− 𝑎𝑎𝑎𝑎 + 2 𝐾𝐾 𝑎𝑎𝑞𝑞

+ + 2 𝐼𝐼 𝑎𝑎𝑎𝑎
− → 2 𝐾𝐾 𝑎𝑎𝑎𝑎

+ + 2 𝑁𝑁𝑂𝑂3− 𝑎𝑎𝑎𝑎 + 𝑃𝑃𝑃𝑃𝐼𝐼2 𝑠𝑠

𝑃𝑃𝑏𝑏 𝑎𝑎𝑎𝑎
+2 + 2 𝐼𝐼 𝑎𝑎𝑎𝑎

− → 𝑃𝑃𝑃𝑃𝐼𝐼2 𝑠𝑠



SOLUBILITY EXAMPLE 2

Write the molecular, total ionic and net ionic equations for the reaction of potassium nitrate with 
silver acetate.

𝐾𝐾𝐾𝐾𝑂𝑂3 ? + 𝐴𝐴𝐴𝐴𝐴𝐴𝐻𝐻3𝐶𝐶𝐶𝐶𝑂𝑂 ? → 𝐴𝐴𝐴𝐴𝐴𝐴𝑂𝑂3 ? + 𝐾𝐾𝐾𝐾𝐻𝐻3𝐶𝐶𝐶𝐶𝑂𝑂 ?
𝐾𝐾𝐾𝐾𝑂𝑂3 𝑎𝑎𝑎𝑎 + 𝐴𝐴𝐴𝐴𝐴𝐴𝐻𝐻3𝐶𝐶𝐶𝐶𝑂𝑂 𝑎𝑎𝑎𝑎 → 𝐴𝐴𝐴𝐴𝐴𝐴𝑂𝑂3 𝑎𝑎𝑎𝑎 + 𝐾𝐾𝐾𝐾𝐻𝐻3𝐶𝐶𝐶𝐶𝑂𝑂 𝑎𝑎𝑎𝑎

𝐾𝐾 𝑎𝑎𝑎𝑎
+ + 𝑁𝑁𝑂𝑂3 𝑎𝑎𝑎𝑎

− + 𝐴𝐴𝑔𝑔 𝑎𝑎𝑎𝑎
+ + 𝐶𝐶𝐻𝐻3𝐶𝐶𝐶𝐶𝑂𝑂 𝑎𝑎𝑎𝑎

− → 𝐴𝐴𝑔𝑔 𝑎𝑎𝑎𝑎
+ + 𝑁𝑁𝑂𝑂3 𝑎𝑎𝑎𝑎

− + 𝐾𝐾 𝑎𝑎𝑎𝑎
+ +𝐶𝐶𝐻𝐻3𝐶𝐶𝐶𝐶𝑂𝑂 𝑎𝑎𝑎𝑎

−

All species are aqueous = NO REACTION
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